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Needle-free injector technology (NFIT) has drawn attention due to their advantages. By using
NFIT, it can be used several time unlike a conventional needle. Also, it makes patients free from
pain. Since NFIT by jet injection is achieved by ejecting a liquid drug through a narrow orifice at
high pressure, thereby creating a fine high-speed fluid jet that can readily penetrate skin and tissue.
Until very recently, all jet injectors utilized force-and pressure-generating principles that progress
injection in anuncontrolled mannerwith limited ability to regulate delivery volume and injection
depth. In order to address these shortcomings, we have developed a controllable jet injection device,
based on a custom high-stroke linear Lorentz-force motor. Using this device, we are able to monitor
and modulate continuously the speed of the drug jet, and regulate precisely the volume of drug
delivered during the injection process.
I. INTRODUCTION
Neeldle-free injection system is a novel method for the
delivering of drug into patients [1–4]. Typically, drugs
are delivered in the tissue by a disposable syringe. This
manner of injection causes a lot of pain, and a needle is
used only one time and be thrown out. Therefore, re-
searchers have had attention to invent needle-free injec-
tion technology (NFIT). Among several. ways, Lorentz
force plays a key role for push a pistion forward ejecting
the drug. This would be possible at very high pressure
and fast velocity. Moreover, the velocity is almost equal
to that of sound in air [5, 6].
For the Lorenze force actuator, magnetic material
which surrounded by Cu coil and it facilitates the en-
tire process. Unlike with conventional drug delivery sys-
tems, NFIT gives the user freedom from unnecessary pain
and can be used multiple times. Furthermore, NFIT has
shown promising results in mass immunization and vac-
cination programs.
NFIT requires strong energy to propel an premeasured
dose of a particular drug formulation. Since these forces
are generated from the ways ranging from high-pressure
fluids including gases, electro-magnetic forces and shock
waves to impart motion to the medicament, the NFIT de-
vice is built around a Lorentz force moving-coil actuator
which consists of a magnet. This magnet is surrounded
by a thin Cu wire coil that remains attached to a plastic
piston which is inside a drug ampoule. A schematic dia-
gram of present injector system using magnet is presented
in Fig.1. In current research, a 3-layer coil surrounds an
SmCo5 magnet of 18 mm outer diameter. The coil is
formed from 9.35 mm Cu wire wound onto a bobbin of
25 mm outer diameter. When current is applied, it in-
teracts with the magnetic field so as to produce a force,
which pushes the attached piston forward[7, 8].
In case of the mechanical properties of the device and
the fluid are modified, this model is used to investigate
FIG. 1. Schematic diagram of moving-coil injector system.
the behavior of an injector system, and thereby to derive
the parameters that are most conducive to jet delivery of
fluids[9, 10].
The amount of current supplied can be very well reg-
ulated enabling the speed of the coil to come under our
regulation. This would finally control the velocity with
which the drug is ejected.
II. RESULTS AND DISCUSSIONS
A. Model formulation
Since the elements of the injector form a coupled
electo-mechanical and fluid system can be well descried
by the block diagram, we present it in Fig.2. In this
model, the voltage across the Cu coil (VC) and it drives
an electrical current. The current in the coil (IC) is esti-
mated using the empirically-measured impulse response
function of the coil. A finite impulse response filter on
the input voltage uses the impulse response function to
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2calculate the current on a point-by-point basis within
each simulation time step. The force produced by the
coil (FC) is calculated using KC as the force constant of
the motor. The force constant is allowed to vary with
coil position. The coil displacement (xC) is estimated
through a nonlinear mechanical model. The velocity of
the coil induces a backEMF in the coil; the back-EMF
is the source of a difference between the applied voltage
(VA) and the voltage across the coil.
The piston has a rubber tip that deforms to seal against
the fluid when force is applied to the piston. The model
combines the compliance of the tip and the piston shaft
by ascribing a non-linear stiffness kP to the piston. The
coils acceleration is described by
x¨c =
Fc + kP (xP − xC)
mc
. (1)
Here, we define FC is the force applied by the motor,
while xC is the displacement of the coil. xP is the dis-
placement of the end of the piston tip and mC is the mass
of the coil. The piston tip acceleration is described by
x¨P =
−kP (xP − xC)− FFR − PAP
mc
. (2)
FFR is the friction force and P is the pressure of the
fluid within the ampoule, AP represents the area of the
piston. Since the mass of the piston is much less than
the coil mass it is ignored.
Sliding friction arises at the interface between the rub-
ber piston tip and the walls of the ampoule and is pro-
portional to the pressure in the rubber piston tip, which
is assumed to be identical to the pressure in the fluid.
Therefore, the friction (FFR) is calculated using
FFR = µACP, (3)
where AC is the contact area of the piston tip against
the ampoule wall and µ is the friction coefficient. A con-
stant level of static friction is present until the coil starts
moving. At the pressures encountered in jet injection,
the compliance of the fluid itself, measured by its bulk
modulus, becomes significant. In addition, the ampoule
tends to expand under the influence of the high pressure,
contributing additional compliance. The ampoule com-
pliance is proportional to the length (and thus the vol-
ume) of the fluid column, and can therefore be lumped
with the fluid compliance by way of an effective ampoule-
fluid bulk modulus (KAF ).
A differential equation for the change in pressure over
time can be determined via a mass balance. To account
for the effective bulk modulus, this equation was slightly
modified to
P˙ =
(KAF + P )x˙P − KAFA0AP u0
xP
(4)
FIG. 2. Block electro-mechanical diagram of moving-coil in-
jector system.[11]
where A0 is the area of the orifice and is jet speed.
The pressure that results from this equation was applied
against the piston as indicated in (2). The pressure loss
due to viscous fluid interactions is captured by
Ploss =
KD
2
ρµ20, (5)
where KD, the discharge coefficient, is empirically de-
termined and ρ is the density of the fluid. Ploss is sub-
tracted from pressure when calculating jet speed. Its
formula can be combined with Bernoullis equation and
rearranged to incorporate viscous loss in (4),
u0 =
√
2P
ρ(1 +KD)
. (6)
The model was implemented in LabVIEW 2011 (Na-
tional Instruments) using the Runge-Kutta-45 method
within the Control and Simulation Module. This solved
the model in 0.6 s.
B. Parameter Estimation
We test the coil impedance impulse response function
by using a low-noise linear amplifier. Gaussian white
noise of ten volts peak amplitude was given to the coil.
The sample rate of the input and output was about 100
3kHz. The coil was fixed in position at 5 mm from full
retraction. Using stochastic system identification, the
measured voltage as well as current were applied to cal-
culate the impulse response function. The impulse re-
sponse function method produced model results that fit
measured current values significantly better than a sim-
ple first-order series-circuit model of the inductance (4.8
mH) and resistance (9.4 ω) of the coil.
For force production over stroke, a coupling mechanism
was manufactured to connect the coil to a load cell. The
force was measured at constant current over the stroke of
the motor and a 2nd-order polynomial of force constant
was fit to the results. The average force constant over the
stroke length of the injector was 8.78 NA-1 and exhibited
a standard deviation of 1.58 NA-1. The maximum force
constant measured was 10.2 NA-1 and the minimum was
5.05 NA-1.
For piston compliance, the compliance of the piston
was measured using an electromechanical test instru-
ment. Epoxy was drawn into the ampoule up to the 0.05
mL mark and allowed to cure; the cured epoxy prevented
the ampoule from compressing under load. Compression
length.
The use of stochastic techniques to estimate the im-
pulse response function allowed for the rise time of the
modeled current to match measured current. As a result,
the frequency of oscillations in modelled coil and piston
tip position was well-aligned, providing a more accurate
prediction of NFIT behavior.
By eliminating the effects of piston compliance, you
can better predict the jet velocity profile. The model
predicts a much smoother profile than the measured pro-
file, but a slight mismatch may be due to noise. The
result is obvious vibrations in the coil position are not
combined. Thus, we can conclude that when compli-
ant pistons are used, they cannot rely on coil position
to provide an acceptable jet velocity estimate during the
dynamic phase of jet injection. Jet force measurements
show a reasonable fit between force plate measurements
and model prediction.
The problem is that vibration amplitude and vibration
damping are not more accurately predicted than steady
state jet velocity and jet velocity rise, due to the vari-
ability of the response to the compliant elements of the
system. Alternatively, the force transducer used may not
have had the necessary frequency response required to
pick up the magnitude of the oscillations in the jet speed.
The model can be used to inform design decisions for fu-
ture development of jet injectors. As the device used
in the experiments is primarily used for fluids with vis-
cosities near to that of water, the model can be used to
identify areas of improvement for future viscous-drug de-
vices. The effect of piston compliance on the developed
jet speed is negligible; this is despite significant varia-
tion in the amplitude of fluctuations for the coil position.
Hence, a stiffer piston allows the potentiometer to better
estimate the fluid volume and jet velocity, and tighter
coupling between coil speed and jet speed.
Obviously, overshoot must be reduced when we try to
control jet speed. Ampoule suitability also plays an im-
portant role in determining. Rigid ampoules are easier
to control injection due to the steady-state jet velocity,
which is much faster than the original state. When the
injection speed is closely controlled, the depth between
the jet speed and the injection depth can be identified.
Thus, harder ampoules allow for smoother and more ef-
fective.
If the sliding friction coefficient is reduced, the jet ve-
locity must increase without a change in the input energy
from the coil. That is, the liquid must be constant, re-
gardless of whether it is sticky or not. But the problem is
how to reduce the sliding friction coefficient. Achieving
this increases the efficiency of the system, making it eas-
ier to form high-speed jets, regardless of their viscosity.
The modeling will guide the future development such as
drug type and wide use of the device. The first improve-
ment we want to pursue is to strengthen the ampoules
and pistons to improve the control and shape of the jet
velocity profile over time. Secondly, we will utilize the
control of the system to limit the rate of force applied to
the coil to avoid excessive jet speed overshoot. If this is
possible, finally the influence of the orifice diameter on
the discharge coefficient and the investigation of the ge-
ometry of the ampoule will help to choose the best shape
to force the fluid through.
III. CONCLUSION
In this paper we expand present knowledge odf NFIT.
the NFTI electromechanical model. Via the characteri-
zation of the NFIT presented in this paper, we focused
on identifying the elements of the system that most affect
its performance. We identified these as the friction co-
efficient, the compliance of the NFIT components. The
model can provides a better prediction of the jet speed
profile over time than that provided by a direct conver-
sion of coil speed to jet speed. For this perspective of
view, the magnetic material is important.
The insight that the model provides into jet develop-
ment will be used to develop methods that improve the
reliability of jet injection, focusing on delivering fluid to
a particular layer underneath the skin surface with a tar-
geted jet.
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